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ABSTRACT

This report represents results of -A feasibility study on the use of
foanied-in-plac, tuthaie insulation in masonry cavity walls. The program
was initiated to determine if" this sys'tern shotd be incorporated 'n standard
n -ilitary construction.

thorough suryv-y oi i " " m-n., tu.zrP. system suppliers, and installation

contractors of foani 1roducts ,v.$ conducted to determine the physical
properties and technical natureo.f the application. Building codes and
standard military and federal specifications were researched to investigate
the acceptance of urethane foan, insulation in masonry cavity walls.

A Department of the Army siandard facility, Headquartcrs Building.
Regime:..al/Brigade, was selected to compare rigid urethane foam with usual
insulation procedures. Installation and operaiing :ost estimates were made
for the various insulation systems in temperatire zones of - 20 F, 00F. and
+20 F.

This investigation revealed that rigid urethane foam has impressive
physical properties. It has an excellent thermal efficiency and a high
strength-low weight ratio, and its closed cell nature gives it good moisture
resistance and stability. Although small-scale ASTM tests give urethane a
non-burning rating, Factory Mutual Research Corporation demonstrated that
urethane will support combustion when the ignition source is removed.
However. Factory Mutual concludes that foamed-in-place urethane that

X completely fills a wall cavity does not significantly contribute to the fire
hazard of a building.

Major drawbacks of the application include adverse effects of hot and cold
temperatures, moisure, a,.d humidity on foam quality, health and safety
problems in installation, and high apnlication costs.

Foamed-in-place urethane is not recommended as masonry cavity wall
insulation in standard military construction. The disadvantages of the foam
outweigh its advantages, particularly since the foam has no economic
adantage for st ch coostraction.
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FOREWORD

The investigation of the feasibility of the use of foam-in-place urethane
insulation in masonry walls was performed by the Chicago District of the
Corps of Enginers and the Construction Engineering Research Laboratory
(CERI.) under the direction of the Office of the Chief of Engineers. This
work was perf,rmd under work unit 006 of task 02 of OMA project
"Engineering Cfiteria for Design and Construction."

CERL personnel directly concerned with this study were Messrs. A. J.
Geswein. W. E. Kindel. R. Neathammer, and Lt. J. Dyckmans. Chicago
District Peisonnel were Messrs. A. C. Martino, G. Frankish, and K. Zukaus-
kas. The OCE technical monitor was W. R. Damnell, Directorate of Military
Comstruction, Engineering Division. This report was prepared by Mr. A. C.
Martino.

Figures 1, 2, and 3 in this report are taken from "Rigid Urethane Foams"
(1964) with the permission of the Union Carbide Corporation. Figure 1I is
taken from the Society of the Plastics Industry bulletin, "Guide for the Safe
Handling and Use of Urethane Foam Systems" (1969).

I IV



CONTENTS

ABSTRACT
FOREWORD IV

1 INTRODUCTION.1
Background
Purpose and Scope

2 PROPERTIES OF RIGID URETHANE FOAM...............2
Density

Thermal Coefficient
Water Absorption ahd Vapor Permeability
Dimensional Stability
Fire Properties
Mechanical Properties

3 APPLICATION .................................... 5
Techniques
Health and Safety
Environmental Effects

4 ACCEPTANCE...6
Building Codes
Department of Defense Construction Criteria Manual
Standard Specification

5 ECONOMIC ANALYSIS .............................. 7
Installation Costs
Operating Costs
Total Costs
Comments on Economic Analysis

6 CONCLUSIONS .................................... 11

WORKS CITED
SELECTED BIBLIOGRAPHY
APPENDIX I: SURVEY RESULTS

. APPENDIX II: GENERAL CONSTRUCTION AND HEATING
EQUIPMENT COSTS

APPENDIX III: HEATING COSTS
EAPPENDIX IV: COOLING COSTS

DISTRIBUTIONrDO FORM 1473

IV



A FEASIBILITY STUDY ON THE USE OF
FOAM-IN-PLACE URETHANE INSULATION
IN MASeNRY CAVITY WALLS

1 INTRODUCTION As a construction materia , it is ut-ed in slab or
board stock. as well as in fr:;r .3-in-place

Background. In the 1940's rigid urethane foam systems. Its primary application! Lzve been as
was introduced as a commercial product. It was (a) an insulatir i board on pipes. ,oof t'ecks. anti
developed when Germany needed strong aircraft walls because i" its thermal propel .ie, and (b) as
wing tips and rudders, -needed them fast and in a core materii: in sandwich panc,. b,.cause of its
the face of great material shortages. The promise low weight-lug strength ratio. I' is also being
that rigid urethane foams would be the key to examined in light of all its rr;perties for
rapid production provided the incentive for a application- in a completc space-enclosing sys-
high priority development program. Soon mate- tem.*
rials and techniques were perfected to the point
where a simple mix of urethane foam chemicals
could be poured into a metal mold. where i Purpose and Scope. This report examines the
would quickly expand. adhere, and cure to a technical and economic feasibility of foamed-in-
strong. lightweight structure, place urethane insulation in masonry c:wity

walls. especially in military construction. The
report draws conclusions from a search of

In the United States. largescale commercial documented literature on the material and its
interest in urethane technology did not develop application and from a survey of manufacturers.
until 1956, when the utility and economy of the system suppliers, and installation contractors of
ingredient chemicals were established. But. even foam products (survey results in Appendix i).
then. -the majority of commercial interest cen-
tered on flexible urethane foams. These foams
were readily accepted, and are now mainly used A Department of the Army standard facility,
as durable. resilient and economical cushioning Headquarters Building. Regimental/Brigade. is
materials, used in this report as an example of military

cavity wall construction for the economic eval-
uation of rigid urethane foam insulation Ure-

Recently. many industries have devoted their thane is compared with insulating materials
time. energy, and development potential to rigid
urethane foam. Its insulating efficiency, buoy-
ancy and ability to add strength with low weight
have made it the most functional of the new the Monianto "flom of the Future" on di%.lp) at Diknei -ld'%

Tornorrowlar since 1957 ii built ot ngid urethane tam prefahrigid cellular plastics. It is now a basic material that ee fzctory at aind e a-.,cmbied it i5 b"ine

in many key industrial segments-commercial studied as a possible answer it) the need tor a latre-,atc pto.ram

refrigeration, transportation, home appliances. ,, insl-foduced. Iow.-,bt houine. I: (eaturL'. urethane it'
structural, thermal, and finish (both interior and exiertm) mate-

packaging, and building construction.



desIgn:itcd In the t.ndard specifications fur this Density. The density of rigid uretilanc foam is
'tructure * The facility is studied with each determined by the ratio of gas to plastic and
Insulation systeni in temperature zones of therefore can be controlled in its formulation
_0' F. 0" '. a d +_10" F. Normally foams contain between 20 to 80 times

the volume of gas as plastic and are applied al
2 PROPERTIES OF RIGID URETHANE FOAM densities of 1.5 to 3.0 pounds per caibic foot

(pcf). Since it is actual practice to use rigid
Rigid urethane foam is an infiexible cellular urethane foams at densities close to 2.0 pcf in

plastic. It i% t\rined by the reaction of two masonry cavity walls, the properties reported
liuid,, an isocyaiatw component and resin throughout this report are standardized at thik
blend, in the presence of a gas-producing blow- density, an overall installed density of 2 pcf is
ing agent. usually freon water or carbon dioxide. achieved by using pressurization techniques in
It is made up of many tiny closed cells, each the formulation and installation of the foam. As
containing the gaseous agent. Physically. the demonstrated by Figures 1. 2. and 3. density has
foam is a permanent dispersion of a gas in a rigid a nearly direct correlation with heat transfer and
plastic, and as such. both the gas and the plastic other mechanical properties. However, water
contribute importantly to the final foam proper- permeability remains constant for densities
ties. greater than 3 pct

Standard Ted.1k.cl Spccit'iciion 30-02-66.64-CE for the Head- Thermal Coefficient. The coefficient of heat
qu.irters building, Regententat/Brigade. reads as follows for the transfer ("W' value) of foam depends primarily
inulation of exermr.nia,,nry walls (%cc 3A-10): on the blowing agent, the cell size, and the

a. l'Nterior mms"nry walls are deslened for a coefricient of heat environment. A 2 pcf density foam blow with
tranmission of "t'U value through the compteted construction freon at 75°F will have an initial -K" value of
vnside air to outside air not in exce"s of 0.27 BT per hour. per
square loot per degree F. Temperature differenc, hen deter- about 0.12 BTU in/hr/ft^ P F. This value will be
mined for winter conditions in accordance with recognized maintained if the foam is contained in an almost
methods in agreement %ith ASUIRAE Guide and Data Book. The
Contractor v6 d! be required to furnish a cctific attesting that closed cavity and not subjected to atmospheric
the exterior wall construction proposed will. when constructed. temperature and pressure. But if the foam is
attain the requird "U" value, open to the atmosphere. a gradual increase will

b. At the option of the Contractor. any one of or comigination ,;cur with aging until a maximum value of
of the foilowing may he ULd about 0.16 BTU in/hr/ft2  F is attained because

I Where emtertor wythe is bick. a lightweight type e.tt
gae may be ued in manufacturing concrete masonry unit, pro. of air infusion. Foam system suppliers recom-
viding the "'K" value of the unit will in the wall furnish the mend a "' value of 0. 14 or 0. 15 to be used for
required "'U'" value.

2) Where exterbor and interior *wthe i- concrte m ry. design purposes.
u.e of light-eight aggregate as stated in (1) above.

3) Yshec ncithet of above methods will furnish the rt-
quired "U'" value. light-weight or regular weight regalte ma- The thermal conductivity of rigid urethane
,onry units may be used in combination with filling cavity of foam as compared to other insulating maierials
cavi -type wall with waterpfoof vermiculitt or applying a board is shown in Figure 4. Rigid urethane foam is
type nsulation t:ompletcly coverifto, and applied against the inner
cavity face 'f 'he intertor yth of masonry. The material used 133% more efficient than its nearest competitor.
%hall be a spe ;1icd below. styrene form.

c. Vermculitc %hll be a water repellent type and will conform
to the Vermiulite Institute Standard for Vermiculite Water-
Repellnt Maisonry I 11 Insulation. "'" factor of 0.43 will be Water Absorption awd Vapor Permeability. Wa-
used for scater repellant ermiculite. terabsorption and water-vapor permeability are

d. Board type insulation will be I" thick. non-combustible, dependent on the percentage of closed cells in
with aterproff factr on one fa., or otherwisc treated to be
water-repcllint, and shall be vermin-proof. The published "' the rigid urethane foam. Standard American
value for the b.ard wiil be used. Society for Testing and Materials (ASTM) tests

2
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A maximum minus !.5' volume change is Corporation demonstrates that combustion will
experienced for low temperature work, and a continue when the Bunsen burner ignition
maximumi plus 2W volume change is experienced source is removed. But Factory Mutual conclud-
at dry heat and humidity aging. The total range ed that rigid foamed-in-place urtlhane when
of linear change measured under ASTM test completely filling a wall cavity "does not of
procedure 1)21-20, Proc B and Proc E, is illustrat- itself add a significant fire hazard to the build-
ed in Table 1. ing.' t

Ta ble I The Factory Mutual tests evaluated the ef-Table Ifects of extreme heat and direct flames at a
Dimensional Stability of Rigid Urethane Foam temtu of ut 2 n ret f oam

.......... temperature of aoout 2000°F on urethane foam
Average insulation in cavity walls. They also examined

Aging Aging Linear the possible toxicity of gases released from
Condition Duration Change urethane during foaming or by excessive heat or

20°F 1 day -0.7% fire. Both the flammability and toxicity hazards
(Proc B) 7 days -1.1% were found to be negligible.**

28 days -1.5% Mechanical Properties. The cellular structure of
160(F I day +0.6% rigid urethane foam gives it excellent high(Proc E) 7 days +1.0% strength-low weight balance. The solids in a 228 days +2.0% pef foam occupy only 3 percent of the foam's

total volume, but provide a stable cellular
Fire Properties. Several foam manufacturers structure. Table 3 lists the mechanical properties
have tested the fire properties of rigid urethane of rigid urethane foam.
according to ASTM tests E 84* and DI 692-59T.
The results are shown in Table 2; scores are Table 3
related to those from asbestos board (rating 0) Mechanical Properties of Rigid Urethane Foam
and 5/8-inch red oak (rating 100). at 7400

Although the foam appears to be nonburning ASTM Values

in small-scale ASTM tests, a parallel laboratory Test (psi)

test conducted by Factory Mutual Research ompressive StrengthParallel D 1621 40
Perpendicular D1621 20

Table 2 Compressive Modulus
Fire Properties of Rigid Urethane Foam Parallel D1621 500

Perpendicular D1621 250
ASTM No. Test Value Tensile Strength

Flame spread 30 Parallel D1623 46
E 84 Fuel contributed 15 Perpendicular D1 623 35

Smoke developed 325 Shear Strength(Parallel) C273 26
Flame Resistance:

D1692 distance burned. inches .09 1 R. B. Boyd and Wayne -Ctandlemere, "An Evaluation of Fire
time to extinguish. seconds 45 Safety of Rigid Foamed Polyurethane as a Wall Cavity Insula-

tion" (Factory Mutual Research Corporation, 1969). p. 4.

*For the foam to decompose to yield toxic gases, the temperature
SASTI F. 84 (tunnel test) is also Underwriter's Laboratories test inside the room would have to be high enough to heat the foam
723, National Fire Protection Association Test 225. and Uni- to about 482"F. The temperature in the room would be too high
form Budding Code 42-1. for human survival.
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3 APPLICATION Table 4
Health and Safety Considerations for Urethane

Techniques. The rigid urethane foam is either Foam Component Chemicals
poured or frothed into the masonry cavity. The Senstizing
prime application considerations are to eliminate Effect On

all entrapped air, achieve complete distribution Skin Respintocy
of foam and achieve uniform density. Component Composition iruitant System

Isocyanate Primarily Free Yes Yes
Isocyanate Chemicals

In the pour-in-place procedure the two ingre- Resin blend Polyol No No
dient liquids and blowing agent are mixed on the Amines and/or

job and poured directly into the cavity (Fig. 6). Metallic Catalysts Yes Yes (Some)
Fluorocarbon and/or

In a matter of minutes this mixture foams to 30 Water No No

times its original volume and sets into its Silicone Surfactants No No
installed form. The prot technique is to pour Catalyst blend Amines Yes Yes

Water No No
enough foaming composit.-.,a to give a maximum
foam rise of 2 to 3 feet, allow the material to directed by the force of light exit pressure to
rise and set, then deposit another layer of give maximum ditribution. About 20 to 30
foaming composition and allow it to rise and set,
and so on until the cavity is filled. The multiple adonaf e reslts and in ttal
pour technique is used to reduce the pressure padditional expansion results and brings total
-ex rte onthe aso ry yth s bytheexp nd- expansion of the liquids to about thirty tim es
exertd fon. tthe original volume. This secondary expansion
ing foam.

completes the filling of the space and consol-
idates the foam. The cell structure of the

Frothing is a modification of the pour-in-placeinsaio metodi n w the mure- installed foam is relatively undistorted, and aplace installation method in which the mixture more stable foam at a lower density results.
is dispensed partially pre-expanded-like aerosol
cream (Fig. 7). Frothing requires special equip- Health and Safety. Care must be taken in the
ment and an extra blowing agent for immediate foaming process since isocyanate vapors are
pre-expansion. Final expansion then occurs as toxic in heavy concentration. Although the
the chemical reaction goes to completion. It is vapor is quickly dissipated in fresh air and is
generally agreed that frothing allows easier and readily detectable, fresh air or cartridge masks
more uniform filling of cavities than pouring. In are recommended before and during foaming.
the frothing technique, the original liquids are Care should also be taken to avoid prolonged
expanded to roughly ten times the volume as the contact with the skin since the isocyan:ite, resin
blend exits from the mixing chamber. This blend, and catalyst components contain skin
semi-liquid is extremely mobile and can be irritants. The components, either in liquid or

vapor form, con ctsc damage to the eyes; so

Isocyonot IM..t..r-.
(Component A) Ing

" " I I Pump I ! high (_ o moonL! lt A) r- low.9 Agent

Agcmonenentt

Figure 6. Pour-in-place application of rigid ure- Figure 7. Froth-in-place application of rigid ure-
thane foam. thane foam.

ixe
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safety goggles must be worn in all opera,. behavior. To use rigid urethane foam as insula-
The major component chemicals deserving sate- tion in a masonry cavity wall, it must be
ty considerations are indicated in Table 4. demonstrated that it meets the performances

and tests outlined for plastics by the building
Operators must be experienced foam techni- codes.

cians and equipment must be frequently cleaned
and checked for metering accuracy. The machin- Under the Uniform Building Code of the
ery must never be left untended when there is a International Conference of Builders, an ap-
possibility of ignition of hardened foam depos- proved plastic is one which has "a flame-spread
its, as by an electrical source. rating of 225 or less and a smoke density not

greater than that obtained from the burning of
Environmental Effects. The major urethane untreated wood under similar conditions when
foam components are sensitive to the climate tested in accordance with U.3.C. Standard No.
and must be sealed tightly and stored in a 42-1-64 in the way intended for -.IsO. Tlic
controlled environment when not in actual use. products of combustion shall be no more vtxic
Atmospheric moisture will cause a crust to than the burning of untreated woo4 un-ler
develop on the surface of the isocyanate, there- similar condOions." 2 Rigid urethane ;oan iiag
by rendscing it unfit, and change the reaction acceptab;e fw properties as specified by these
condition of the polyol in the resin blend. In criterii, as 0"'-:istrated in the section "Fire
addition, temperatures above 85°F may cause Propet :ies" above.
gas loss and density change in the catalyst.

Und.-r the 3Lsic Code of uilding Officials
When urethane chemicals react and the foam- Conference of America, the Souther Building

ing process starts, the expanding mass must Code, and the Model Code drafted by the
bond securely to the substrate surfaces to be Society of the Plastics Industry, Inc., "'an
totally effective. To ensure this, the substrates approved plastic is one which by the ASTM
must be dry, warm, and oil free. (In general, any D635 test** does not burn faster than 2.5 inches
surface suitable for painting is suitable for per minute.' 3 There are no documented results
foaming.) An accumulation of water in the for an ASTIV D635 test on uretuine, but a
cavity or a humidity level which causes conden- similar testing procedure, ASTM D1692-59T,
sation of moisture on the substrates can adverse- yields a 0.9 inch burn distance (non-burning
ly affect the foam by causing substrate bind or rating) for rigid urethane foam.
improper adhesion. The temperature of the
substrate surfaces and the environment should Department of Defense Constructin Criteria
be between 65°F to 85°F to ensure full expan- Manual. Construction criteria manuag, r)OD,
sion, adhesion, and cure of the urethane.* 4270.1-M, requires all insulation to ham, a

4 ACCEPTANCE

Building Codes. The nation's building codes are 2 "UnifUn buildint Code" (ntnation Conference of Building
bodies of law which state what construction is (fle", 196).
acceptable in terms of space, strength and fire "'In the test. one end of a 114" x 1/2" x 5" urethae sample ;s

held horizontally, and the other end is ignited by a 30-second
application of a 14=nh high blue flame of a Bunion 5uner. If
the sample extinguishes upon temrval of the burner, another
30.second application is made.

*Actually, foam can be applied in temperatures tangtg from 0F F
to I I5F by adjusting the component formulation, but an Wd P. B. Akin, "Fire Testing and Building Cndes" in "Proceedings:
temperature to ensure a perfect application should be between Society of he Platics Indtty National Plasucs Conferr.ce in
651F to 8(11F Chkn2o" (1968).
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E Tests and Values Required for Rigid Urethane Fowi by Standard Specifications

W___ SPECIFICAVTION REQUIRENIONTS
UMH-! M-I MIL.P Ty! ical

00530 24172 21929A i' 1ihau1e
ASTNA lest Uniits (GSA-FSS) (SHIPS; iSHIPS) Values~
C 177
Thermal 'Aax BTU/in/ 0 17 0.16 0.12-0.14
Conductivity 1/'aF

Water-Vipor Max pent-in 2.0 -.0

D 1(21
Compressive Mir, psi 1 ,2 20 30 410
Strength
D 1692 Self- nOfl- 11on-
Flammability exting. burning burning
D 2127 Max% vol) 47c 5% 1.1
Water Max lb/ t .12 0.04
Absorption (weight)____________

flame-spread rating of not higher than 25 with- facilitate investigation of how rigid uretb,-.
out evidence of continued progressive combus- foam is rated by these standards, fihe lait .olumn
tion. The insulation should be of such comnposi- of the table exhibits thle AST'., test rc!sults
tion that surfaces exposed by cutting would documented in Part 2 of this report.
have neither a flame-spread rating higher than 25
nor evidence of continued progressive combus-
tion. Smoke development rating should not be 5 ECONOMIC AWALYSIS
higher than 50. Data in Table 2 indicate that
urethane foams will not meet these criteria. Installation Costs. The economiz feasibility of

using foamed-in-place urethane insulation in
StanardSpecfiction. Fllowng re tree masonry cavity walls was ani,!yzed by costing it

r *applicable standard specifications on the use of for a typical buildinig and comparing costs with
urethai'a foamr materials: (a) federal spef.ifica- alternate insulation materials. Thle building se-
tion HIH-I-00530 (GSA-FSS), interim 25 April lected is a Department of tile Army standard
1963. (1,1 military specification MIL-l-241 72 facility. Headquarters Building. Regin nitalf Bri-
(SHlPS) of 4 October 1965. .nd (c) military gade. It is a three story structure with -'ross
specific,.tion MIL*P-21929A (SHIPS) of 20 Au- dimensions of 40'-8" by 80'-8". Its perimeter

Ngust 1962. walls are composed of a single wvythe of face
WE, brick, a 2-3/8" wide cavity, and a single wythe

Table 5 lists the ASTM tests and physical of 4" concrete block. See Figure 8 for a typical
results required by t,!ese specifications. To wall section.
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Table 6
Comparison of Installation Costs

Gen,,ral Heating
Construe- Equipment Total $/ft2

Insulation System tlon Cast (S) Cost (S) Cost ($) of W!,!.

I No insulation
-20°F Zone 18,90) 1750 20,650 5.16

P'F Zone 18,963 1500 20,400 5.10
+2 0°F Zone 18,900 1100 20.000 5.00

Ii Vermiculite or perlite insulation
-20OF Zone 19,800 1500 21,300 5.33
0f t Zone 19,800 1300 21,100 5.28

+20° F Zone 19,800 1100 20,800 5.20

Ill 1-in. Foam glais board insulation
-20* F Zone 20,400 1500 21,900 5.48

W F Zone 20,400 1300 21,700 5.43
+20 0 F Zone 20,400 1100 21,400 5.35

IV 1-in. Fiberglass or polystyrene insulation
-20'F Zone 20,100 1 '00 21,600 5.40

WOF Zor 20, 100G 130. 21,400 5.35
+20°F Zone 20,100 21,100 5.28

V 1-in. Paper-backed urethare lnsulat~in
-20* F Zone 20.40 1500 21,900 5.48

Q0 F Zone 20,400 1300 21,700 5.43
+20 0F Zone 20,400 1100 21,400 5.35

"v'I Foamed-in-place urethane insulation
-20* F Zone 22,800 1500 24,300 6.08

0°F Zone 22,800 1300 24,1 k.4, 6.03
+20 ° F Zone 22.800 1100 23,800 5.95

Standard specifications 30-02-66-64-CE states The estimates for each application were devel-
that the exterior masonry walls of the facility oped for temperature zones of - 200 F, O"F, and
must be so designed as to achieve a maximum +20*F. Appendix RI contains a complete analysis
"U" value of 0.27 either with the masonry alone of installation costs.
or by adding loose fill or 1 in thick board-type
insulation in the cavity of the wall.* Table 6
presents an economic comparison between rigid Opeadng Co b. The various cavity wall insula-
urethane foam and the various optional insula- tion types were compared for thermal perform-
tion materials based on 4000 ftW of wall space. ance by analyzing the gas heating equipment 3nd

operating costs related to each system. The
See Standard Technical Specification 30-02664-CE. footnoted estimates for each application were then amor-
on p. 2 of thit report. tized over ten and twenty-five year periods. Ten
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Table 7
Present Worths of Operating Costs for 10 and 25

Years Based on 0% Discount Rate
o ertins Costs

Insulation face brick

System Zone Zone Zone 0

I No insulation 13500 11600 85(0 concrete block
33750 29000 21250

11 Vermiculite or 12000 10300 7600 Ice
perite insulation 30000 25750 19000 t f loot

III 1-in. Foamglass 12100 10400 19000
board insulation 30250 26000 19250

IV l-in. Fiberglass or 12100 10400 7700
polystyrene insulation 30250 26000 19250

V 1-in. Paper-backed 12100 10400 7700
urethane insulation 30250 26000 19250 "

VI Foamed-in-place 11400 9800 7300
urethane insulation 28500 24500 18250

second f loot

Table 8
Present Wortbs of Operating costs for 10 and 25

Years Based on 6% Discount Rate -
10 Yew 9Fertk2q cost23 You Opet C I

Insulation -20 0 +20 I

Syem .Zone Zone Zone - -----

I No insulation 9900 8500 6300 .,
17300 14800 10900

S V-imlite or per- 8800 7600 5600Slite intsultion 15.400 13200 970100 Figure 8. Typical wall section of Regimental/
III l n. FouilasM 8900 7700 570 Brigade Headquarters Building.

board irrulation 15500 13300 9800
IV 1h. F.beriass or 8900 7700 5700

polystyrene insulation 15500 13300 9800
IV 1-n. Paper-backed 8900 7700 5700
Surethane insulation 15500 13300 9800

VI Foamed-in-place 8400 7200 5400
urethanue insulation 14600 12500 9300 Cooling cost estimates are given in Appendix
uea IV. Since thee was no significant difference in

cooling costs for the various insulation system,
and twenty-five year costs were translated to the results are not reported here.
present day value by multiplying first year
operating costs by appropriate worth factors.
These costs are civen in Appendix III for
discount rates of 0%, 6% and 10%. Tables 7, 8, Total Costs. Combined installation and operat-
and 9 illustrate the results of this investigation, in$ costs arc illustrated in Tables 10, 11, and 12.

9



Comments on Economic Analyi. The preced- affected by several variables including (1) dis-
ing tables indicate that the use of foamed-in- count rate, (2) assumed service life of the
place urethane insulation in the cavity of the building, and (3) unit cost of the urethane
masonry walls of the standard RegimentaliBri- insulation.
gade Headquarters Building has no economic
advantage over other available types of insula- The effect of the discount rate is readily
lion. However, this indication is significantly apparent from a comparison of Tables 7 through

Table 9 Table 10

Present Worths of Operating Costs for 10 and 25 Present Worths of Total Costs Based on 0%

Years Based on 100o Discount Rate Discount Rate

10 Year Operating Costs($) Total 10 Year Costs
25 Year Operating Costs Total 25 Year Costs

Insulation -20 00 +20 Insulation -20e 00 +20'
System Zone Zone Zone System Zone Zone Zone

I No insulation 8300 7100 520 I No insulation 34150 32000 28500
2300 10500 7700 54400 49400 41250

If Vermiculite or per- 7400 6300 4700 il Vermiculite or 33300 31400 28400
lite insulation 10900 9300 6900 perlite insulation 51300 46850 39800

111 1-in. Foamglass 7400 6400 4700 11 I-in. Foamglass 34000 32100 29100
beard insulation 11000 9400 7000 board insulation 52150 47700 40650

IV I-in. Fiberglass or 7400 6400 4700 IV 1-in. Fiberglass or 33700 31800 28800
polystyrene insulation 1 1000 9400 7000 polystyrene insulation 51850 47400 40350

V 1-in. Paper-backed 7400 6400 4700 V 1-in. Paper-backed 34000 32100 29100
urethane insulation 11000 9400 7000 urethane insulation 52150 47000 40650

VI Foamed-in-place 7000 6000 4500 VI Foamed-in-place 35700 34100 31600
urethane insulation 10300 8900 6600 urethane insulation 52800 48600 42050

Table 11 Table 12
Present Worths of Total Costs Based on 6% Present Worths of Total Costs Based on 10%

Discount Rate Discount Rate

Total l0 Year Costs Total 10 Year Costs
Total 25 Year COSTS () Total 25 Year Costs

Insulation -20 °  00 +20 Insulation -200 00 +200
System Zone Zone Zone System Zone Zone Zone

I No insulation 30550 28900 26300 I No insulation 28950 27500. 25200
37950 35200 30900 32950 30900 27700

!1 Vermiculite or 30100 28700 26400 ii Vermiculite or 28700 27400 25500
perlite insulation 36600 34300 30500 perlite insulation 32200 30400 27700

Ill I-in. Foamglass 30800 29400 27100 ii 1-in. Foamglass 29300 28100 26100
board insulation 37400 35000 31200 board insulation 32900 31100 28400

IV I-in. Fiberglass or 30500 29100 26800 IV I-in. Fiberglass or 29000 27800 25800
polystyrene insulation 37100 34700 30900 polystyrene insulation 32600 3000 28100

V I-in. Pjper-hocked 30800 29400 27100 V I-in. Paper-backed 29300 28100 26100
urethanum ,illtion 37400 35000 31200 uacthane insulation 32900 31100 28400

VI Foamed-in-place 32700 31300 29200 VI Foamed-in-place 31300 .30100 28300
urethane insulation 38900 36600 33100 urethane insulation 34600 33000 30400

10



12. A low discount rate improves the position of 2. Urethane foam has the lowest "K"
solutions with a higher first cost and lower value (0.12-0.16) of any commonly
op-rating costs. Evaluations are shown for 0%, used insulation material.
6% and 10% discount rates to illustrate the
results of rate variation. The rate of 6% was also gie itoexcellent of te roa-
chosen since it approximates the current com- ete

- erties.
mercial discount rate; 10%. since it is the
government discount. 4. The material exhibits a remarkable

strength-weight ratio.
The assumed service life of the building is also 5. Although small-scale ASTM tests clas-

important. Ten and twenty-five year lifes were sify rigid urethane foam as non-burn-
selected to correspond with semi-permanent and ing, a parallel laboratory test by Fac-
permanent military construction. However. tory Mutual Research Corporation
many military facilities remain in service for shows that it will support combustion
longer than twenty-five years. In a building with when its ignition source is removed.
a forty year life, the economic disadvantage of However, when foamed-in-place tre-
foamed-in-place urethane would be almost elim-~thane completely ills the wall cavity.
inated, it does not add significant flammabil-

99 ity or toxicity hazard. Nevertheless.
; Another factor to be questioned is the cost of urethane foam does not have accept-

installation. The unit cost for foamed-in-placeREable smoke development properties as
urethane used in Appendix il is near the high: required by Department of Defense
end of a wide range of cost data submitted by~Construction Criteria Manual. DOD

.- various suppliers. A change in the assumed price 4270.1 -M.
from S1.50 per pound in place to SI.10 per
pound in place (which is near the middle of the 6. Vapors released in the foaming proc-
range) would also eliminate most of the cost ess are toxic in heavy concentration.
disadvantage of the urethane insulation. It is Health and safety precautions must be
reasonable to expect that the cost of this observed.

T ~~material will become relatively less as commer- 7 eprtr ftesbtaesrae
cial application increases. 7. Temperature of the substrate surfaces

and the environment should be be-
Etween 65°F to 850F. awl substrates

6 CONCLUSIONS should be dry to ensure full expan-
sion, adhesion. and cure of the ure-

This investigation on the use of foamed-in- thane.
place urethane insulation in masonry cavity 8 Major building codes and standard
walls revealed that the urethane foam itself has specifications require that all plastics
impressive physical properties. but experiences secinconstruion mut mee c-
many drawbacks in application. The following used in construction must meet cer-

conclusions on the use of foamed-in place ure- private testing programs. Rigid r-
thane insulation in masonry walls are based ong thane foam performs adequately in all
the investigation into the nature of the material of the required test% for which there
and the application of the product to a typical are documented results.
building.

9. Initial cost of foamed-in-place ure-
I. The material is applied at a 2 pcf thane insulation exceeds that of other

density for its best advantages, commonly used insulation materials.
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10. The sample facility with foamed-in- "Construction Criteria Manual" (Department of

place urethane insulation realized an- Defense DOD 4270.1Mi. 1969).

nual operating cost savings of approxi- "CPR Urethane Foam: Pour-Spray-Froth" (Up-

mately 15% over the same facility john Company).

without insulation.
"Dimensional Stability of Rigid Urethane Foam

!I. Thle total costs of the rigid urethane (Technical Information PC/U,61 I" (Imperial

foam system for the sample facility Chemical Industries Limited).

are competitive with the total costs

for the commonly used cavity wall Edgerton, Paul, "'Letter" (Olin Chemicals,

insulations if the service life of the 1969).

facility is 40 years or more. "A Guide for the Poured-in-Place Application of

In view of the absence of a significant Rigid Urethane Foam for Industrial Insula-

economic advantage and in view of hazards to tion" (The Society of the Plastics Industry

health and saqty in application. it is recom- (SPI], 1969).

mended that foaned-in-place urethane insula- "Guide for the Safe Handling and Use of

tion not be used in the mast -try cavity walls of Urethane Foam Systems" (SPI, 1969).

typical mnilitary' construction. However. future

developments in urethane technology may im- Holter, D. A., "Letter" (Upjohn Company,

prove the fire resistance and reduce the unit cost 1968).

relative to other types of insulation. If so, [-win. D. A., "Letter" (Uniroyal Chemical,

foamed-in-place urethane may become the most 1969).
effective method of insulating cavity walls.

Phillips, W. C., "Letter" (UNARCO Industries,

1969).

CITED REFERENCES "Rigid Urethane Foam" (Union Carbide Corpo-

Akin, R. B., "'Fire Testing and Building Codes," ration, 1964, 1965).

in "Proceedings" Society of the Plastics "Southern Standard Building Code," second

Industry National Plastics Conference in Chi- edition (Southern Building Code Congress,

cago" (1968). 1948).

Boyd, R. B. and Wayne Crandlemere, "An Eval- Stengard, R. A., "Rigid Urethane Foam in Ma-

uation of Fire Safety of Rigid Foamed Poly- sonry Cavity Walls" (E. 1. DuPont De Ne-

urethane as a Wall Cavity Insulation (Factory mours and Company, 196 1).

Mutual Research Corporation, 1969). "Sweet's Architectural Catalog File" (McGraw

"Uniform Building Code" (International Confer- Hill Information Systems Company, 1970).

ence of Building Officials, 1964). "Uniform Building Code" (Pacific Coast Build-
ing Officials Conference, 1946).

SREFERENCES "Uniform Building Code" (International Confer-

UNCITED Rence of Building Officials, 1958).

"'ASTM Standards" (American Society for Test- "The Use of Rigid Urethane Foam as a Struc-

ing and Materials. 1Q68). tural Insultant" (Mobay Chemical Company.

"BOCA Basic Building Code," fifth edition 1967).

(Building Officials Conference of America, Zanieski, William E., "Letter" (Callery Chemical

1970). Company, 1968).
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APPENDIX I SURVEY RESULTS 5. What is the cost per pound of urethane loam?
The cost range is 401 ± 10';. depenliie on

The following survey questions were asked of 31 the quantitiy and lcatio.
foam manufacturers, system suppliers. and in-st a l at o n o nt a ct rs . F ll o i ng c a l 1 q e st o n 6 . W h a t is th e in sta lled co st p e r p ~tin d (If' tile
stallation contractors-* Feilowing each quesion fa o il plctos 7 '~ahi ,oara torfield application.?'!iwt~tl
is a summary of answers from the 23 respond- cost range is $1.10 ± It'.
ents. Of the 23. twelve claimed no involvement
in the application under study. 7. Can yoL relate any case historic% ol foaim-in-

place urethane as a cavity wall in|ulation?
1. What are the problems in maintaining foam Generally. responhnt.% had litle ,pr, li .1quality during field application? The main eWperience with thw usW t .tin-in -pd e

qualiti' control problemsi are rgil aimo. - urethae in laSOnr" 'a'il .
pheric and substrate teniperature-huntiditv
requirements. equipment malfinictions, and 8. Do you have a listing of insulation contractor
inexperienced operators, now using the foam-in-place met hod? Fhe

vuhbniftied short lists iof fire or Ii' ier2. How do temperature and humidity affect the contractors thai were u.ig this pr ce%, in
placement of urethane foam in the field? 1969.
Atmospheric and substrate temperatures,Ab tThe following are the survey questions ;vsk:d
below 65*F or above 85F affect expan-Mor ofurehan f!am nd heritsproer-of 11 r oaming equipment supplier,,. Foliovin

each question is a summary of tle answer% from
ties. High atmospheric humidity or wet the eight respondents.
substrates afect the Ji mnn adhesion to the
carity surfaces. I. Is your foaming equipment avaikible for i,,e

3. What are the properties of foam-in-place in field application' Yes.
urethane?
Density: a nominal 2.0 pcf densit is used as a 2. Can the equipment be adapted to pouring.

matter of practice: it is beliered that the spraying, and frothing? Yes.
Joanm achieres its best properties for this 3. What are the major problems encountered in
application at 2.0 pif field applications? Inexnerienced operatt,r .

Coefficient of heat transfr: 0.12 to 0.16 machine inainienance. and rigid e'mir,!-
BTt./in!t2 /hri'F;" either 0. 14 or 0.15 is mental requirements.
used for design purposes.

Vapor permeability. I to 3 perms. 4. How do temperature anti humidity affect
Dimensional stability: minus I'e rohme these problems in the field? Jhi. ture in tMc

change fir low temperature work. plUs 2" air will react withi urethane materials. aind
Jfr drp" heat aging. amid phls 2r' for huimid- the resultant reactitm is capable ii'
it3' aging, ~unpu s and phgging ports and jihtcrs.

Flammability: self-e.'tinguishing. 2-in burn 5. Do you have a listing of insulation contracor
according to ASTM Dl4',.! now using your equipment to foan, tre-

Water absorption: 0.03 to 0.04 lbslft:. or thane in-place? Three utibitted %Iiirt li't,
approximately I'f h' rohnc. offwi'e orjfi'wer contractorv that wacrc ttiI

4. How do these properties vary as the foam the process ifl 1949.
ages? The abore properties will he mail- 6. Can you supply us -%ith literature. including.
tained ifthe in colponents are properly costs, on the equipment you handile that I%
stored in a controlled environnent, suitable for field application of urethane'

*The mailing lists for bith wr eyi. were formulated from the Irut lists andtkv riptire brochure. wer'
1966-67 DiReclm-y of the Society of the Plastk Indutry. sent. but the pric'. are ni,,- ibdltc.
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APPENDIX II GENERAL CONSTRUTION AND Scheme Ill. foam glass board. Material cost:
HEATING EQUIPMENT COSTS .16/ft- X 4001ft2 = 640. Labor cost: .08,'

ft2 x 4001ft" = 320.

To compare the schemes without reference to
geographical variances, a location factor of I00 Scheme IV. fiberglass or polystyrene. Ma-
is used throughout the cost analysis in this teial cost: .1 I/ft2 x 4001ft2  440. Labor
appendix. cost: .07/ft' x 4001ft2  -280.

Insulation systems are referred to by the fol- Scheme V. paper-backed urethane, Mate-
lowing Roman numerals in the tables: rial cost: .18/ft 2 X 4001f = 720. Labor

cost: .07/ft2 X 4001 ft' = 280.
Scheme I. no insulation.
Scheme ii. vermiculite or perlite. Material Scheme VI. foamed-in-place urethane. Ma-

cost: .04/bf X 9502bf = 380. Labor cost: terial cost: .40/lb X 1584 lbs = 634. Labor
.02/bf X 9502bf = 190. cost: 1.10/lb X 1584 lbs 1742.

Table A
Heating Equipment Costs (Dollas except bracketed figures)

SM WE Iw SCHEWMEIi

-21r Or +20' -2' I" +20'
sowcm Am acme

Heaft aod (BTU/hr) 14519001 13534001 1249001 13978401 13113501 12248701
Gas boiler cost 1005 869 600 869 734 561
IHounlaborlflaborcostox6.83+20%Ins) 171 58 16.51 52 iS.5 46 16.51 53 161 49 lSI 41
Overhead (!0%).rabcontractor profit (10%),

seneral contractor profit (10). amd bond (1%):
approximate total 34% 361 313 220 313 266 205

Subtotal 1424 1234 366 1235 1049 807
Approximate Total (with 1S% condngenciea) 1750 1500 1100 1500 1300 1000

ScHEMU l K IV, V SCIHEW VI
- 0" 4 420' -21r I" +2Vr

Heating oad (tTU/hr) 14012201 13139M0I 12267401 13775701 12955901 121361-
Gas boiler cost 869 734 361 869 734 561
1Houslabor/laborcostAn x6.93+20%im) 16.51 53 161 49 1Sl 41 16S 53 (61 49 11 41
Over1ad (30%), sub-cntractor profit (10%),

genetal contractor profit (10%) and bond (1%):
approximate total 34% 313 266 205 313 266 205

Subtotal 1235 1049 807 1235 1049 807
Approximate Total (with IS% confinenc*) 1500 1300 1000 I500 1300 1000
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~Table B
Total Construction Costs (unit cost x 4001 f 2 )

UNIT COSTS (S) Scheme I Scheme il Scheme Il Scheme IV Scheme V Scheme VI
4" conc block wall

material: .30/ft2 1200 1200 1200 1200 1200 1200
labor: .85/ft 3401 3401 3401 3401 3401 3401

4" brick wall
material: .55/ft 2  2201 2201 2201 2201 2201 2201
labor: l.05/ft2 4201 4201 4201 4201 4201 3401

Clean brick wall
material: .02/ft2 80 80 80 80 80 80
labor: .12/ft2 480 480 480 480 480 480

Clean conc block wall
materal: .005/ft2  20 20 20 ' 20 20 20
labor: .02/ft2 80 80 80 80 80 80

Insulation*
material* - 380 640 446 720 . 634
labor* - 190 1320 280 280 742

Insurance (13% of labor) 1061 1086 1103 1097 1097 1288
Overhead (10% of total) 1273 1332 1373 1348 1378 1533
Profit (!0% of total) 1400 1465 1510 1483. 1512 1"686
Bonds (1% of total) 154 161 16 163 '167 185
Subtotal 15550 16277 16775 16477 16817 18731

t TOTAL (plus 15% contin-
W rgencies and 5.8% S&E) 18900 19800 20400 20100 20400 22800

*lnsula.ion costs are listed at the beginning of Appendix H!.

APPENDIX III HEAT COSTS compare the schemes with6ut reference, to geo.
graphical location. unit prifes were derived by

The following formula was used to calculate the averaging typical unit prices for each tempera-
quantity of gas used for a heating season: ture zone):
F = Ux Nx Dx Cft , where F is the quantity
of gas in therms; U, the unit fuel consumption
(0.0049); N, the heating load; 1, the degree i 10 thermsor e $2.20
days*, and Cf, the temperature correction factor next 20 therms .! 32/therm
(-20 zone, Cf - 0.778; 0 zone, Cf = next 70 therms .121/therm
+20' zone, Cf = 1.4). The following monthly ne)t 200 ther$ .110/therm
unit prices were used for calculating gas costs (to excess thents .008/therm

Annual heating costs are computed with typical
"' factors of the six insulation schemes stud-'

ASH E Guide and Data Book' (lmcan Society oHeat-
W4. Refrigation. and Air Conditioning Entnee. 1966). p. ied. Scheme I (no insulation) has a "'U" factor of
243-244. 0.27. scheme It (vermiculite or perlite insula-

9 " Typical "depe daysr for the ndividual temperaturezo ,etswe tion), 0.11: schemes Ill. IV. and V (rigid board.Vtaken from "Climates of the States" (Weather Bue, 196) for insulation)., 0.12* and scheme VI (foamed-in-
the aowint locations: Helena, Montana (-20" zone), Twin

* Fals, IdAho (0" zone), and Medford, Olgon (+2f" zon). place urethane insulation). 0.05.
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Table A
Annual Heating Costs in -20'F Temperature Zone

Scheme I Scheme II Schemes III. IV, V Scheme VI

Month lDAy" Therms Cost/M Therms Cost/M Therms Cost/M Therms Cost/M

Ja 146 )  2529 231.46 2227 204.88 2246 206.55 2113 194.85
eh 1165 2006 185.43 1766 164.31 1781 165.63 1676 156.39

%l, 1017 1751 163.0o 1C43 144.60 1555 145.75 1463 137.65
Apr 654 1126 108.00 991 96.11 1000 96.91 941 41.71
May 399 687 69.36 605 62.15 610 62.59 5/4 59.42
Jt -1 197 339 38 74 299 35.20 301 35.40 283 33.44
JUil 36 62 8 71 55 7.86 55 7.86 52 7.50
Atg 66 114 14.85 100 13.31 101 13.42 95 12.70
Sep 320 551 57.35 485 51.59 489 51.94 460 49.39
Od 617 1062 1(12.37 935 91.19 943 91.89 888 87.05

999 1770 161).27 1514 142.14 1527 143.28 1437 135.36
D-7 1311 2257 207.52 1987 183.76 2004 185.26 1886 174.87
.AN\tAL COST S1350.00 $12110.00 -- $1210.09 - $1140.00

Table B
Annual Heating Costs in 0°F Temperature Zone

Scheme I Scheme i Schemes III, IV, V Scheme VI

Month 'Days Therms Cost/Ni Therms Cost/M Thems Cost/M Therms CostlM

Jan 1324 2293 210.69 2020 !86.67 2036 188.07 1918 177.69
Felb 1058 1832 170.12 1614 150.94 1628 152.17 1532 143.72
Mar 905 1567 146.80 1381 13o.43 1392 131.40 1311 124.27
Apr 555 961 93.47 847 83.44 854 84.06 804 79.66
May 319 552 57.48 481 51.23 491 52.11 462 49.56
Jun 141 244 2915 215 25.96 217 26.18 204 24.75
Jill 0 0 0 0 0 0 0 0 0
Aug 0 0 0 0 0 0 0 0 0
Sep 172 298 35.19 262 31.13 265 31.46 249 29.70
Oct 493 854 84.06 752 75.08 758 75.61 714 71.38
Nov 600 1558 146.01 1373 129.73 1385 130.79 1304 123.66
Dc 1166 2019 186.58 1779 !65.46 1794 166.78 1689 157.54
ANN uAL COST $1160.00 - $1030.00 - $1040.00 - $980.00

Table C
Annual Heating Costs in +20°F Temperature Zone

Scheme I Scheme Ii Schemes Ill, IV, V Scheme VI

Month 'Days Therms Cost/M 'herms Cost/M Therms Cost/M letmr Cost .f
Jan 918 1605 15(1.15 1416 133.51 1427 134.49 1345 127.27
I eb 697 1219 116.18 1075 103.57 1084 104.30 1021 98.75
Mar 642 1123 107.73 990 96.03 998 96.73 941 91.71
Apr 432 753 75.35 666 67.57 672 68.04 633 64.61
May 242 423 46.13 373 41.73 376 41.99 355 40.15
Jun 78 136 17.27 120 15.51 ;21 15.62 114 1,.85
Jul 0 0 9 0 0 1 0 0 0
A0 0 0 0 0 0 0 0
Sep 78 136 17.27 120 15.51 121 15.62 114 14.8.5
Oct 372 650 66.11 574 53.26 578 59.77 595 61.27
Nov 678 1186 113.27 11146 100.95 1054 101.66 993 96.29
Dec 871 1523 142.93 1344 127.18 1354 128.06 1276 121.20
ANNUAL COSI - S850.00 - $760.00 - $770.00 - $730.00

16



EE

APPENDIX IV COOLING COSTS is 247,293 BTU/hr. The reduction is 3%. Be-

Electricity cost estimates for a ;ooling season cause of the graduated unit price structure of

are shown below. The maximum cooling load electricity, the reduction in cooling costs will be

for the building without insulation is 255,511 less than 3% (less than $7/season). Since the cost

BTU/hr, whereas the maximum cooling load for difference is negligible, the cooling costs have
the building with urethane cavity wall insulation not been included in the report proper.

Table A
Cooling Conditions at Time of Peak Load (1500 Hours Suntimne)

Dry Bulb Wet Bulb Relative Dew Grams Mois-
Temperature Temperature Humidity Point ture per

(OF) (OF) (%) (OF) Pound Dry Air

Outside 95 78 48 72 117.7
Room 80 67 50 60 76.7

Difference 15 .... 40.0

Table B Table C
Cooling Load Estimate for a Building Without Cooling Load Estimate for a Building With

Insulation Urethane Insulation

No. of No. of
Item Factor Units BTU/hr Item Factor Units BTU/hr

Sensible Load: Sensible Load:
N Glass (ft2) 27 112 3030 N Glass (ft2) 27 112 3030
E Glass (ft2) 27 170 4580 E Glass (ft2 ) 27 170 4580
S Glass (ft2 ) 40 144 5760 S Glass (ft 2) 40 144 5760
W Glass (ft2 ) 138 192 26500 W Glass (ft2 ) 138 192 26500
N Wall (ft2) 0.27 514 139 N Wall (ft2) 0.02* 514 10
E Wa (ft2) 4.9 849 4130 E Wall (ft 2 ) 0.36" 849 305
S wal (ft) 1.9 693 1810 S Wall (ft2) 0.14* 693 98
W Wall (ft2) 2.4 1024 2490 W Wall (ft2) 0.18" 1024 184
Insulated panels 4.3 122 527 Insulated panels 4.3 122 527
Roof/ceiling(ft ) 5.3 2415 12800 Roof/ceiling (ft2) 5.3 2415 12800
Partition (ft2) 3.0 1927 5867 Partition (ft2) 3.0 1927 5867
People (number) 200 40 8000 People (number) 200 40 8000
Lights (watts) 34 2034 69000 Lights (watts) 34 20304 69000
SUBTOTAL 147283 SUBTOTAL 139812
Safety factor 0.10 14728 Safety factor 0.10 13981
SUBTOTAL 162011 SUBTOTAL 153793

Latent Load: Latent Load:
People (number) 275 40 11000 People (number) 275 40 11000
SUBTOTAL 173011 SUBTOTAL 164793

OA Sensible (ft 3 /min) 1810 29300 OA Sensible (ft 3 /min) 1810 29300
OA Latent (ft3 /min) 1810 53200 OA Latent (ft3 /min) 1810 53200

TOTAL LOAD 255511 TOTAL LOAD 247293
*Modified factors.
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